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(74)«SA 





(54) KW<Z)£sa S^tt^«{t:MiS5i^fflffi^<J:^^Siig*^ 



(57) imm 

C : 0.03-0.20%, Si : 0.005 -1.5 
%, Mn : 0.05-3.5 %, P : 0.005 -0. 15%, Al : 0.00 
5 -0.2 %, N : 0.020 %J£*T«r$^ S <b^Nb, TU 
V<D5t,^e>atf*t*:l«*fcli2aK±, Cu, NU C 
i\ Moco5 *>j&»bJBtf*Lfc l 2 HJ^±, 

-100 °C) wmfifBHJ-*5tt5ffiT*^50%W±, g#§- 
'**^ffiT*a s 15%£AT-e, a>ott_ktfjE$£?fi£# (A 
rsSEffijA — 100 «t) £U:, #KMS^600 °CJ^T£1-£ 
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(2) 



1 - 3 4 3 5 3 5 



20 

Si 
P 
Al 



(l) itT*£»$ft5Eas200GPaJ!aTT*fc9, ^u*/* 
JKS<^»«lC*^380MPa£Jl±, tfettffittflEfbft (BH 
S) *530MPa J!^±T**>SrtS:1#ai:rsaiS«E^W{b* 

C : 0.03-0.20%, 

Mn : 0.05-3.5 %, 

S : 0.02%J^T. 
N : 0.020 %J^T£^, »»Fe*3i;^«riB»3F>fi» 

atvyUTy^ h^£®S^T'5%J^±^1-5#l 
^Wt, a»oTK (1) 5tT*^$tLSE^200GPaW 
TtfcO, ^u^^^co^^^380MPa^±, ttjg 
«{+BMb« (BHi) ^30MPa EJLL-CfcS r £ &«M*t 

E = (Eo +2E45 + E90) /4 (1) 

fc«U EO , E45, E90\tttl^timMJjfa. 

falz45° % JtmjjfaWO 0 (GPa ) 0 

[»**3] mmmmcm^x, £biz.mm%T\ n ^ 

C : 0.03-0.20%, 
Mn : 0.05-3.5 %, 
S : 0.02%J^T> 

N : 0.020 %&T&tt1-Zmf$,<Dmmm^ Aratl 
(Ar3£te;&-100 t) ©fflflMfiB»c*3l4SJET* 

^50%^±, mifes<x<DJ£Tm&15%£lTX\ d*oft± 

WEjiEa*^ (AraaCffi^-lOO J^l^U #&*U* 

C : 0.03-0.20%, Si 
Mn : 0.05-3.5 %, P 
S : 0.02%^ T\ A I 

N : 0.020 %&T&tt-tZ>&tiL<om&W^ An&JB 

^50%J£A±, *»^(7>jaET*^15%«TT*, rt>of±± 

[OOOl] 40 

S6S*L5ffl»J-fflV^T»iB*»Kttrt-ffi{bf4 (BHffl 
[0 0 0 2] 



IE 

E= (Eo +2E45 + E90) /4 (l) 

fcf;U Eo , E45, E9ott^rtl^ttlE5S*rfiJ, GEjfi* 
|S](C45° , l£S£2f[S] Ic90° O*!*]^^^* (GPa ) . 
[If *«2] fi*%T\ 
Si : 0.005 -1.5 %, 
P : 0.005 -0. 15%, 
Al : 0.005 -0.2 %, 

10 ^b, Ti, V^3 * > ^P>atfix^l«*^:«2«JW±^ 
f+T*0.005 -0.20%, £fcf4Cu, Ni, Cr, Mo<z> 5 
SJmfcia*fctt2««±Sr'&S-C0.005 -1.0 %, 
fc3VM4Nb, Ti, V^9^bjltmfclS£fcl4 2S 
K±*r*H-e0.005 -0. 20%*5 WCu, Ni, Cr, Motf) 5 
rt» 51 f*K 1 S * fc tt 2 « J£Jl Jh £ ^ff T'0. 005 - 1 . 
0 %, «:**-f5wi:4r#«i:i-5»**nclB«(7>tt 
«*f*«{bfflKK*»l«. 

B : 0. 0005-0. 005 %£r^Ti-5 CL t &&Wi t "TSIt* 
JS 2 * fctt 3 icettoraKttflMbSKKAMK. 
[HMt«5] fifi%-e, 

0.005 -1.5 %, 
0.005 -0.15%, 
0.005 -0.2 %, 

»36*<+mba!K«*IRtt«iSol*5B*ft. 
[»**6] Sft%T% 



: 0.005 -1.5 %, 
: 0.005 -0.15%, 
: 0.005 -0.2 %, 

«iS»*<bSns«lSlJ2:«>6. «fi<o»£Kb£@W£ L 
T, ti£T1t 340MPa^±O5l!fi3iS«:*r't-Si*3S*«H 

*9, ^w^^tt^S^Sfbt^WAlS^fcflitRjdSSH 
£*x, »S«6f*«<bS!<75iH«*SBB18$ixr^S D 

fin, ^u^nx&^iisnoo —200 

So wOJ:5 4K«j!ftf+fB<ba!»MS-ett, «^30MPa 
±^*SS*(*Wb* (BHi) d«^BtS*t"CV^5. 
[0003] ^:5T\ w^j:5«c«BR*5«ilfl[fcS*i 
«ffl1"S«BE^»rt<b*tiSi:, — ttWtci, *i*oWiJtt 

^iTts: fc bn-fs »^i{bi-*3tt 
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[ooo4] *fc, ttffl-rsaiffi^iKKmbsnwrtib 

[0 0 0 5] La»L4riSfe, WRoir^flsSMSTSii: 
4-143216^«(cH^*ixTV^ J: pic, iB^ri^** 

[000 6] ffil;Ltf , ^^BS56-139619 

>?m&1&\,^b&tobtiX&Q * *fc, #r^BS62-284 
016#^«^li. ND//<100 > (JEilffifeS*ftKiBiil 
<7)<100 >W3Rrt458Ji*ffi) S^ll^^r^it 
S*5^»fcAr3*tt*KT-ett±*ffiEJiSrfT5 r 

[0 0 0 7] Si4ifO'frA7C*t*ftlLrND//< 
100 >m^lj^^^it$-^5^ , b#xbtt5^, Si4 

fc*6. flnxfflK3S;/jfli«£ L-c»i, 

rtBKtt («tt-C30%£Jl±) t*5»ftftt«rWac*-fr, L 

[0 0 0 8] ±m&*-X7-tJ hftkTZ, tz 

[0 0 0 9] 

^o/u^^mw * tmowa «± -c *> a «ms*s 



(3) 1 - 3 4 3 5 3 5 

Ji % ^v^E^^^-c200GPaJ^T^@^<t1-5o 
[0 0 10] 

/O -< h^[c®«^T*5%^±co^/i^r>1M 

ii\ £<bfc, AnSElftjfii'- (ArsaClBjS-lOO tf>*£ 

[0 0 11] £i\ *»M#6><DtTofe»JiW3tRSB* 
^rl^P^-r^o 0.05wt%C-0.01wt%Si-1.2wt %Mn-0. 
05wt%AI-0.002wt %N-0.5wt %Cr-0. 0003wt%B#l 

20 fStcommw*. n*kmx~MQ<rc\zmi&\^ »eku $ 

felctt-htffflff* LT, 3^*T*<£EET^40, 50, 60% 
OJ=E5it L< fi5^^-C^EET*50%(^JI5i 4:650 ~95 
0 «C<Z>#?fiftT-m\ oV^tfc±tfJEJC*T«* 30<C/s 
^±<D^3$^T^750 'C^-CAftL, ^JlOsec 

<o<Dh. 30X:/s&±<Dtfi%iT&Btx#i&i,s mso x:x^ 

20-15-10%, ^JSET*50%O4S^H30-20-10%, £J£T 
30 *60%(O»^tt30-30-15%, ^JET^50% (5/<*) 0> 
^1*15-15-15-10-10%, £Lfc 0 rco^^ct «9, r 

±(D-e/U^>-tH-T h^£#i-S#ll&£, BHfi30MPa J£Jl 
±, ^^^^«O»^^380MPa^W-r-5«fi^^o 

to 

[0 0 12] »feiXfcfR«WCOW^T, SHSM^iga; 

(»JSSS:*ia (20°C) ) lcJ:0^v^**»£L, 
fc e ir>^^E(i, *(1) ^: 

E= (Eo +2E45 + E90) /4 (1) 

40 fct'L, Eo , E45, EQOfi-ttU-fiXjEffi^rfiJ, JEM^" 
[^{Cl45 0 , HS£2fra]M90° co^-^l<7)^>^ (GPa ) 0 

m i (-^-r 0 

[0013] il^b, Ar3*JRjR«T»* L< (iAra 

jmbjS^ (ArsaeiBja-ioo *o ^fastsfiir-5o%^± 

50 ^T^$*lttWtfc5 0 
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5 

[0 0 14] -t t£to*>s 7*7^ hftzmft 

±«*, ^oft (i) 

E= (Eo +2E45 + E90) /4 (1) 

(fcfc'U Eo , E45, E9ott*Jh,«Xffitt*l6K &m 
*lftlC45° , JK£;*falc90 o O^ftO-f^sp (GPa * 

YR= (YSo +2YS45+YS90) / (TSo + 2TS 45 

(fcrtfU YSo , YS4 5. YS9 0tt-t"^-eixJE«jSrfSl, JE2£ 
*r^(c45° , O*|^0>»«jJSA (MPa ) 

T\ TSo , TS45, TS9ofi^:ix^nffi5i*r6], JK£2ffalc /<? 
45° , iE5i^^^90 o *>*|R|0>3l3Ha3 (MPa ) -Cfc 
5o ) -eSft$n-5YR*so.7 WTTfe5<7)WtUV> 0 

[0015]*fc, **WCtt, M%T\ C :0.03- 
0.20%, Si : 0.005 -1.5 %, Mn : 0.05-3.5 %, P : 
0.005 -0.15%. S : 0. 02%J[UT, Al : 0.005 -0.2 
%, N : 0.020 %£JIT***, «fflFe*5ctr/^^TiB«j^ 

5fi»S:tl, ^ohuIS (1) ^T-£«£*l£EdS200G 

KKttttKfc* (BHi) ^30MPa J^lTfc5:i» 

^-Cte, SfctcflWE (2) 5£T^j££*t>5YR^0.7 

klTs £«bfc, Nb, Ti, Vco5^a>fciBtf;h,fcl«£fc 
«2a^_b^ffT*0.005 -0.20%, £fcteCu, Ni, C 

0.005 -1.0 %, £>£VM2Nb, Ti, VOH^bStfH 
fc 1 @£7cte 2 «Ua_L£r-&f|-e0. 005 -0. 20%*3 J: tfC 
u, NL Ci\ Uto<Di%i)>bm&titiim&tcl*2m£X±: 30 
£^tf-C0.005 -1.0 %, mUU^o # 

ssw-cte, mmmmcm^x, zbizB : 0.0005-0.00 

5 %mtTt>J;v^ 0 

[0016] r:t% ty^$E, Eo , E45, 

E90fi^^-C(OM^-rs o ^m^rfi, 0-30^^^ 
U -YfPmto&lfeWLBtk LTJ3\ 10-25°C^^iiT*^ 
60 Sfc, *|g^fi. fift%T\ C : 0.03-0.20%, S 
i : 0. 005 -1.5 %, Mn : 0. 05-3. 5 %, P : 0. 005 - 
0.15%, S : 0.02%^T, Al : 0.005 -0.2 %, N : 0. 
020 %&T4r«*+5»tf<0**tttc, An^fti/S- ^ 

(Ar3^«8^-100 X:) Wififf«iH(c*5JtSlIT*^50 

jffiffifi^s (Ara^ffi^-lOO °C) J£JLb£U 
600 t:«Tt-rSJ»IHffi««:lfii-wt4r1»»i"r-5»K 

^^^/ET^30%/^^J^T, EI/^t^5/^ W 
»i, ifrEfflfiKtc*Dx.r, £blzmm%X\ Nb, Ti, vco 



1-343535 

6 

* ) ) •C^«$tt6ir>'^E*S200GPa£JlT-Cfe9 , :/ 
u^dt»mw»f*lC** s 380MPaa±, S&3£*£ttK<bfi 
(BHi) #30MPa CA±-C*>Srt«:»«4:i-*Wfi* 

R (2) * 



+TS90) ■■• (2) 

0. 20%£/cteCu, Ni, Cr, MoO ? *>a»6>W»ifc 1 S£ 
fctt2««±S:^W-C0.005 -1.0 %, fc^teNb, T 

1, VfDi-bfrbmYtti-fc. l «*fc«2a«±Sr^H-C . 

0. 005 -0. 20%*5j:O<Cu, Ni, Cr, Mo<0 o hfrtbM&ix 
fcia^fc(i2 5S^±Sr^f+T*0.005 -1.0 %, £^*r 

bl-B : 0. 0005-0. 005 %mUt)J;^ 0 
[0 0 1 7] *jg^fi, fiS%T% C : 0.03—0. 

20%, Si : 0.005 -1.5 %, Mn : 0.05-3.5 %, P : 0. 
005 -0.15%, S :0.02%^T\ A! : 0. 005 -0.2 %, 
N : 0.020 %&T**W^**&ia©***»c, Ara£ffi 
,6- (Ar 3 ^mk-100 <C) <0Jfltf«fiH«::*3ttSBET* 
^50%J^±, *^°^(DJET^^15%^TT% a>of±_t 
tfJEJEffiSas (AraKIBjS-lOO t) tt±4: U 
ffitfS600 rJ^Tir-r^^^JEj^^^L/c^^, ftPJJJEE 

K«*»««B«o«36*fe"C*>9, ffiCMMEEKtr, A 
r3 ^ffi^Tt^ , < ^-^^ omT** s 30% 

//^JL^T, BEK^^»*s 5 ^^J£JL± t ft 5S&B0J3E5E <h 

T, ^^>(cfiS%r*, Nb, Ti, vt75 5*>^biStftt^l 
«*/ttt2a^±Sr-&H-T-0.005 -0. 20%^^iliCu, N 

1, Cr, M0O9*>^^il^tL^ia^y u ctt2aW±^r^ 
f+r*0.005 -1.0 %, &>£VM3:Nb. Ti, V<D5*>*>bi8 
Jinfe 1 m& tz \%2 «£jL±«r-&W-t t 0. 005 -0.20%*5£ 
t5Cu, Ni, Cr, Mo<Dihfrbmtititiim'£tzte2m£l 
±^^tfT*0.005 -1.0 %, ^ttlt^J:<, 
HtJiem^^P^r, $bt-B : 0.0005-0.005 %^r^W 

[0018] *3SMi^*5V>T»i, ffiUH]£K«<0|kK{b • 

fc«tRlcYR6Q|S]JbS:Bft)£ LfcaiiE©iacoPSJE5£$rSg 
[0 0 19] 
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[0 0 2 0] *5gWOfflfi«, SnfcADXt^^^li^-t^ 

©t@tc^LT10%J^T^-<-r^-r K 7>f 
[0 0 2 1 ] **M^>#lffiH, * ( 1 ) * 



70 



*E = (Eo +2E45 + E90) /4 (1) 

(f:/:U Eo , E45, E9ol«ix-enEE5f*fS], EE1£ 
*-fa(c45° , EE5£*fSilc:90 o (D^ficD-^^ (GPa 
) ) -C£«l$ix-5E35S^raT-200GPaJ&LTT**6o 

<bLTii, io^25 , c*s$ki-c*>&. 
[0022] J r^ym<D¥.®z$t't (D st-cjtliSJx 

5 E #200GPa£i@;l5 1 , jfiftT*T*-Cfc:ftl;t &*tfc 
C*. ft*S, Ert^£L<fi180GPaJ£AT-C 

[0 0 2 3] *IS«0«tRtt, ft (2) * 



YR= (YSo +2YS45+YS90) / (TSo + 2TS45 +TS90) - (2) 



(fcfcfU YSo , YS4 5, YS9ott*ft*frJ£Jt;frlRK JE2£ 
^rS]i-45° % BE3i^ffii(c:90 o (MPa ) 

T\ TSo , TS45, T&oW>tixeh,fflBE#rtK 
45° , ffiJ£*rRJtc90° <Z>*fijog|»«l* (MPa ) T'£> 
6o ) T^I££*xSYR^0.7 WT^ft5wHS&tt 

[0024] yr^o.7 WT^ta^^ta »tt*tt 
*v^s&*ass>*o YR£ig<-t-5Kra\ 

-r/l^ VIM h0>5O%^T£i-5 0>##* LV\> £fc, 
Z1ztb, *tfflB«Kc#LYRdsa3EtSHrtt*SJ:5W« 

«=*»:=*^=¥-M: (*«JCA) 2 /(2E)T*^£;ft3 0 r 

ti, E?rte<-r^>^\ yi'*j£mm<D&w;i&j3&mibz> 

lefi, CCD J; ?ft^v^^<£< , £fl 40 

p d p & * o fctffcYIW K v ti % /J^J&SKHS Ltt^ 
«r»tt*«o^-e»iR-e# . Gfl**jW**:» $ ftv> 

[0 0 2 5] ^l"****, "fft*?^ 10%J^_k 

<oSI££i:5a]X£*L o JS^> 380MPa^i^ 

H) Sr*TU BHfi:30MPa J^i^il B Hf££r : £ri~<5 0 



[0 0 2 6] otTlc, ±ELfc*M*«r#i-*«BRO|aj« 
C : 0. 03-0. 20% 

feBfH©B*a»K*:«iJEL4v^ C4^0.20%^r 

it-fZo ^(Dtztb, Ci*0.03-0.20%(c(5I^Lfc o ft 

fiO. 05-0. 15%-efc5 0 

[0 0 2 7] Si : 0.005 -1.5 % 
Site. ««<Oiittig:TS:*/hHJc:WJ^r«Piffi*^ki--5 

JD-CBftbnS. t^L, 1.5 %feJH^.5W!lDtt, fflfi 

^Plt^^o rcofci6 x SiteO.005 -1.5 %co^H(c 
RJELfc. .ft*D\ B»*{bo«*j&»fett0.20%«±i-*- 
S<7>dS»*L< , ^<i: LTSi*iiatcj;9iK3a«{fc;«ra 
*t5fc*Cli1.2 %a±it5Wi Lt\ 
[0 0 2 8] Mn : 0. 05-3. 5 % 

r<DJ: 9ft^*ti0.05%J^±^^DX^feb^S^ > 3. 

kteZo Z(Dtz£>. Mnf 20. 05-3. 5 %lzmj£Ltz 0 ft 
*S380MPa«± i ft 3 ffi t f 5 , * fc 7 * 
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fi, MnfS0.5 %J^±, SfSLO* 0. 8%«±8fc&Di- £co 

[0 0 2 9] P : 0.005 ~0. 15% 

r <7)5aJM s tfc#> fctiSfcfcKteO. 005 %K±(OSSAD^^ 
0. 15%*riBiLT»!lDLfc»^«c|±»MR 
L< l&TlTSo ZtDtift* Pii0.005 -0.15 
%0>«Slffll::PBJ£L*: o 4*5, Jftt0>ffiTSr*'NR* U 

*j riS380MPa J^± t45 ftftft <t i" <5 «) \z P 1*0. 04 

[0 0 3 0] S : 0.02%JL^T 

^T*^5o t<lciBv^JStt3ft s Sf**ixS»*IJ:rtt, 0.00 
A I : 0.005 -0.2 % 

Alt*, flft^TC^^ LTfEfflU 0.005 %K±OJBai-cai 
*WlMM***+5MSi*T?#S. 0.2 Kftl 

tfctc, JRBSJiitt^fiT-t-So ^<OtHb, AU*0.005 - 
0.2 %<E>«6HI-IE3£Lrt:. *®ttJR^«^^e>Ji0.005 
—0. l5%<Dfafflb'tZ > <07!>W& 4:fc\ Tu Ca^co 

[0 0 3 1 ] N : 0.02%J£AT 

BSMttMAtt tf>Wfcfi£30MPa J^JL <b -f 6 it £> icO. 00 

ffl^^Ditcyn— /u&ft£.£it2>izdb s Nte0.02% 

ICI*, Ntt0.0050%JEJLT^-rs^3&s»*Lt^ o 
[0 0 3 2] Nb, Ti, V<7> 5 ^bitkmfc 1 
2«£LL£^W-C0.005 -0.20% 

±*-&L-c«ipt?#, ^f+STO.oo5 

o. 20%«r«x.ras*pi-s ta** s isfp u *ap*fcjt/& 

3»*MHfrc*4V\ * (Dittos Nb % TL V^^ftft 
"CO. 005 M).20%t£>«yat-IB£Lfc o 

[0 0 3 3] Cu, Nu Ci\ Moco 5 *>a>biStf*tfc 1«S 
fcfi2a^±4r*W-C0.005 -1.0% 
Cu, Ni, Ci\ Mote, HS*{t:T?«HffiW3*S (»t^JC*) 
&J8AP£-fr67G*-r*>»^ &mizfcC, Zi%b5zm<n? 
hfrb im&-ttte2m&±.M1}dX*Z% 0 Cu. Nu Cr\ Mo 



(6) 4$BS¥ i 1-3 4 3 5 3 5 

70 

tt^n^tto. 005 %^_h<o«SADr-ia*^B*e>n5^ > 
1.0 %&mKzmuteffimzmwizmmitLs mm* 

^kS^So ^<Dtz#> % Cu. Ni, Ci\ Mort-tn-PttO.OO 
5 -1.0 %coffiffl£-r5W##£Lv\> 

[0 0 3 4] B : 0. 0005—0. 005 % 

0.005 %*)8x.saaniT-tt. aeatttt^^bi- 

5 0 Z<Dtzfr, B 130. 0005— 0.005 %<D|S||t-rsW3ftS 

130. 0005—0. 0030% T^5o 
[0 0 3 5] »6RFe*5J:^^r5ftW^tt«-e*>So 

^Af £Snfco^T teO. 01 %WWR 1 *-e# a e ±15 L 

MPa «±t-r5fc«>«i:tt, C : 0.05%JL^±, Mn : 0. 8 % 
[0 0 3 6] ±IBLfclflrti:-t-«ci*i:J: «9 , iijE4» 

30 4l^ % 3>T/i^ftlut)fc!9«-4ttlttt5^ii), M 

[0 0 3 7] *«MJC*5ltS«ilBffii£tt, ^^^-f higc 
JE^, J;f9jEai(c(i7*7>r h^^-— ^t 1 ^ h2tB* 

*TS»4, ND//<100 >**|ft«*r«*W«r»rtS-fr5. 

AraSEffi^— (ArsSEffi/S-lOO *C) CO 
»KIBH-C50%K±offiT*T», *JI*^(75EET*«r15 
%J^T^L, Sj^^TraS^ (Ar3«ffi#,-100 r) 

40 i<9, JEjffi«^ffl«t LT, ND//<100 >, ND//<211 
>, ND//<111 >dS»ai"Sd^ w0>EE«*(*-CI4, v> 

«>, ^ H B B c7)[pl^^i$^ND//<100 >^teco^jfi^oo^ 
Att«rft*L, ND//<100 >*^«a«Sr«ftM«d*rtS 

M^*«dS#<4Si:, S*S*^ittT*c:J:9ND//< 

^xvmgkoimKtmnzi'iZo ^^^c^nd//<ioo > 
M&tm<DM&&&tot>ti. > ymm$L s *i4i^ 

50 *l«(0*9-tt^*:#<ig;Ti-So 
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